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Woody and agricultural biomass diversity in torrefaction: a complete study in solid conversion and volatiles formation on TGA-GCMS
Biomass characterization macromolecular composition
Biomass ash cellulose hemicelluloses lignin extractives glucan xylan mannan galactan arabinan
Representative biomasses % wmf % wmf % wmf % wmf % wmf % wmf % wmf % wmf % wmf
Ash-wood 2.8 39.0 21.9 26.3 10.0 14.3 1.2 0.6 1.6
Pine 1.3 36.7 26.1 27.5 8.4 5.0 10.3 1.7 1.0
Wheat straw 8.3 33.8 21.7 20.5 15.7 16.0 0.4 0.9 2.3
Miscanthus 2.8 45.7 22.8 20.2 8.6 17.2 0.3 0.4 1.9
Mobile Flip biomasses mg/kg % % % % % % % % %
Poplar 2.80 45.55 23.20 26.90 4.35 47.39 15.58 2.94 1.36 1.48
Beech 0.80 44.40 27.25 26.51 1.85 45.76 20.85 2.17 1.42 1.45
Pine forest residues 2.20 23.81 29.83 27.46 18.90 31.54 5.72 7.73 4.65 4.01
Scots pine bark 2.80 23.97 20.08 40.72 15.23 28.31 3.49 4.33 3.12 4.80
Corn cob cake 1.85 40.54 36.73 15.87 6.85 40.54 30.41 0.00 1.94 4.39
Grape seed cake 4.15 7.78 21.90 62.74 7.58 9.98 14.32 2.20 1.53 1.65
Sunflower shells 3.16 37.03 26.36 25.87 10.74 37.69 19.46 0.66 1.40 4.17
Wheat straw MF 9.30 42.34 27.41 22.42 7.82 42.56 22.64 0.22 1.10 3.23
Reed canary grass 6.60 41.77 27.17 24.69 6.37 42.04 20.63 0.27 2.13 3.87
Salix 2.30 44.28 22.60 25.09 8.03 46.18 14.56 1.90 2.00 2.24
Complementary biomasses mg/kg % % % % % % % % %
Heather 1.30 20.70 20.40 35.85 18.34 20.70 11.67 0.00 1.68 1.26
Fern 4.50 21.49 23.91 30.10 15.07 27.24 6.87 5.76 1.14 0.72
Gorse 1.40 27.22 19.92 29.95 14.51 27.22 10.50 0.00 1.76 2.85
Yellow broom 1.30 39.77 27.98 22.05 7.43 39.77 18.73 0.00 1.05 1.56
White broom 1.20 33.00 27.20 25.05 11.76 33.00 16.58 0.00 1.67 3.04
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Methanol	(mixed	pic) X X Furfural X X 2‐Butanone,	1‐(acetyloxy)‐ X Levoglucosenone X
Furan X X Furan,	2‐propyl‐ X 2‐Cyclopenten‐1‐one,	3‐methyl‐ X Phenol,	2‐methoxy‐4Or5‐methyl‐ X
Furan,	2‐methyl‐ X X 2‐Propenoic	acid,	methyl ester X Butanoic acid,	4‐hydroxy‐ X Phenol,	4‐ethyl‐2‐methoxy‐ X
2,3‐Butanedione X X Phenol X 2(5H)‐Furanone X X 1,4:3,6‐Dianhydro‐α‐d‐glucopyranose X X
2‐Butanone X Isocrotonic Acid X X 2(3H)‐Furanone,	5‐acetyldihydro‐ X 2‐Methoxy‐4‐vinylphenol X
Propanoic anhydride	OR	3‐
pentanone X 2‐Furanmethanol X 2,5‐Furandione,	3‐methyl‐ X X Eugenol X
Formic	acid X 2(3H)‐Furanone,	5‐methyl‐ X 4H‐Pyran‐4‐one X 5‐Hydroxymethylfurfural X X
2‐Butenal X X 2‐Propanone,	1‐(acetyloxy)‐ X X 2‐Cyclopenten‐1‐one,	2‐hydroxy‐3‐methyl‐ X X Catechol X
Acetic acid X X 2‐Cyclopenten‐1‐one,	2‐methyl‐ X 2(5H)‐Furanone,	3‐methyl‐ X Phenol,	2,6‐dimethoxy‐ X
2,3‐Pentanedione X X 2‐Butanone X 2‐Cyclopenten‐1‐one,	3‐ethyl‐2‐hydroxy‐ X Cis‐Isoeugenol X
Hydroxyacetone X X 2(5H)‐Furanone,	5‐methyl‐ X X 2‐Furanone,	2,5‐dihydro‐3,5‐dimethyl X Trans‐Isoeugenol X
Acetic	acid,	hydroxy‐,	methyl	ester X Acetylfuran X X 3‐Furancarboxylic	acid X 1,2,4‐Trimethoxybenzene X
2‐Butenoic	acid,	ethenyl	ester X 4‐Cyclopentene‐1,3‐dione X X Phenol X Vainillin X
Furan,	3‐methyl‐ X 2(3H)‐Furanone,	dihydro‐4‐hydroxy‐ X Phenol,	2‐methoxy‐ X Benzaldehyde,	3‐hydroxy‐ X
Propionic acid X X 2‐Cyclopenten‐1‐one,	2‐hydroxy‐ X Phenol,	2‐methyl‐ X X Benzoic	acid,	4‐hydroxy‐3‐methoxy‐,	methyl	ester X
2‐propenoic	acid X X 1,2‐Cyclopentanedione X Larixic acid (Maltol) X X Ethanone,	1‐(4‐hydroxy‐3‐methoxyphenyl)‐ X
1,2‐Ethanediol X Isomaltol X 2‐Hydroxy‐gamma‐butyrolactone X Phenol,	2,6‐dimethoxy‐4‐(2‐propenyl)‐ X
1‐Hydroxy‐2‐butanone X X 2‐Furanmethanol,	acetate X 2,5‐Furandicarboxaldehyde X X 2H‐1‐Benzopyran‐2‐one,	3,4‐dihydro‐6‐hydroxy‐ X
1,2‐Ethanediol,	monoacetate X 2‐Pentenoic	Acid X Propanoic acid,	2‐methyl‐,	anhydride X Benzaldehyde,	4‐hydroxy‐3,5‐dimethoxy‐ X
2‐Cyclopenten‐1‐one,	2‐hydroxy‐ X 3‐Furancarboxylic	acid,	methyl ester X 5‐Hydroxymethyldihydrofuran‐2‐one X 4‐Hydroxy‐2‐methoxycinnamaldehyde X
3‐Furaldehyde X X 2‐Furancarboxaldehyde,	5‐methyl‐ X X 2,5‐Furandione,	dihydro‐3‐methyl‐ X X X	=	detected compound	in	GC/MS;		for	Avicel, all	these


















































Woody and agricultural biomass diversity in torrefaction: a complete study in solid conversion and volatiles formation on TGA-GCMS
Biomass characterization macromolecular composition
Biomass ash cellulose hemicelluloses lignin extractives glucan xylan mannan galactan arabinan
Representative biomasses % wmf % wmf % wmf % wmf % wmf % wmf % wmf % wmf % wmf
Ash‐wood 2.8 39.0 21.9 26.3 10.0 14.3 1.2 0.6 1.6
Pine 1.3 36.7 26.1 27.5 8.4 5.0 10.3 1.7 1.0
Wheat straw 8.3 33.8 21.7 20.5 15.7 16.0 0.4 0.9 2.3
Miscanthus 2.8 45.7 22.8 20.2 8.6 17.2 0.3 0.4 1.9
Mobile Flip biomasses mg/kg % % % % % % % % %
Poplar 2.80 45.55 23.20 26.90 4.35 47.39 15.58 2.94 1.36 1.48
Beech 0.80 44.40 27.25 26.51 1.85 45.76 20.85 2.17 1.42 1.45
Pine forest residues 2.20 23.81 29.83 27.46 18.90 31.54 5.72 7.73 4.65 4.01
Scots pine bark 2.80 23.97 20.08 40.72 15.23 28.31 3.49 4.33 3.12 4.80
Corn cob cake 1.85 40.54 36.73 15.87 6.85 40.54 30.41 0.00 1.94 4.39
Grape seed cake 4.15 7.78 21.90 62.74 7.58 9.98 14.32 2.20 1.53 1.65
Sunflower shells 3.16 37.03 26.36 25.87 10.74 37.69 19.46 0.66 1.40 4.17
Wheat straw MF 9.30 42.34 27.41 22.42 7.82 42.56 22.64 0.22 1.10 3.23
Reed canary grass 6.60 41.77 27.17 24.69 6.37 42.04 20.63 0.27 2.13 3.87
Salix 2.30 44.28 22.60 25.09 8.03 46.18 14.56 1.90 2.00 2.24
Complementary biomasses mg/kg % % % % % % % % %
Heather 1.30 20.70 20.40 35.85 18.34 20.70 11.67 0.00 1.68 1.26
Fern 4.50 21.49 23.91 30.10 15.07 27.24 6.87 5.76 1.14 0.72
Gorse 1.40 27.22 19.92 29.95 14.51 27.22 10.50 0.00 1.76 2.85
Yellow broom 1.30 39.77 27.98 22.05 7.43 39.77 18.73 0.00 1.05 1.56
White broom 1.20 33.00 27.20 25.05 11.76 33.00 16.58 0.00 1.67 3.04
Oak 3.60 27.41 23.35 25.35 14.01 27.41 13.06 0.00 2.21 2.59
Material and Methods
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Rbiomass = Rcellulose . %cellulose + Rhemicellulose . %hemicellulose + Rlignin . % lignin [1]
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Woody and agricultural biomass diversity in torrefaction: a complete study in solid conversion and volatiles formation on TGA-GCMS
pine ash woodmiscanthuswheat straw
Cellulose LigninHemicellulosesRaw biomasses
1) Solid transformation – experimental results:
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Results
pine ash woodmiscanthuswheat straw
Cellulose LigninHemicellulosesRaw biomasses
1) Solid transformation – modelling:
 Surestimation of the extracted compounds but representative tendences
 First approximation of the model to be refined by adding the influence of interactions, impurities…
Remaining solid mass Degradation rates
under progress
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